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ABSTRACT

A 8,517 n? (2.25 nmillion gal) chilled water storage cooling
system has been in operation at Fort Jackson, SC since

comm ssioning of the systemin May 1996. The construction of the
system was funded by the Energy Conservation |nprovenent Program
(ECI P) and the system was designed and built by the Corps of

Engi neers Savannah District Ofice (CESAS). Techni cal
informati on on the design and construction of the system was
reported at an earlier Meeting at St. Louis in 1995. During the
first year of operation in 1996, the systemshifted nore than 3
MWV of el ectrical demand from on-peak to of f-peak period. The

el ectrical cost savings for Fort Jackson has amounted to about
$430K during the first year of operation. This paper reviews

| essons | earned fromthe project, including the performance from
the first year of operation.

| NTRODUCTI ON

Fort Jackson, SC has 0.97 million nf (10.4 mllion sq ft) of
bui | di ng space, provides housing and offices for 13,000 sol diers,
11,000 fam |y nenbers, and 3,500 civilian enployees. A 8,517 n?
(2.25 mllion gal) capacity Chilled Water Storage (CW5) cooling
systemwas installed on the Central Energy Plant (CEP) #2 at Fort
Jackson. The CEP #2 neets nore than half of the cooling

requi renents of Fort Jackson. The CW5 cooling systemwas built
by the Savannah District, U S. Arny Corps of Engi neers (CESAS)

in cooperation with the Directorate of Public Wrks (DPW, Fort
Jackson, and the U S. Arny Construction Engi neering Research
Laboratories (USACERL). The total construction cost ($1.9



mllion) was funded by ECIP. The local electrical utility, the
South Carolina Electric and Gas Co. (SCE&S, provided a one-tine
incentive award of $0.75 million. The systemwas comm ssioned in
May 1996 by engi neers from DPW CESAS, and USACERL. During the
commi ssioning, the system denonstrated a |oad shifting capability
of 3.3 MWfrom on-peak to of f-peak periods. At the current SCE&G
el ectric rate schedule, the systemis expected to save over

$430K/ year in electric utility cost, for a system payback of |ess
than 3 years.

The design and construction of the systemwas described in an
earlier paper by CESAS reported at the 1996 E&M Conference [1].
Tabl e 1 sunmarizes the salient characteristics of the CA5 cooling
syst em

TABLE 1

CH LLED WATER STORAGE TANK SPECI FI CATI ONS
Cool i ng capacity 59, 069 KwH (16, 800 ton-hours)

Si ze 8,517 mv (2.25 mllion gal)

Mean di anet er 29.9 m (98 ft)

Water |evel height [12.4 m (40 ft 7 in.)

HDratio 0.41

Pl an area 700.8 nt (7,543 sq ft)

Vertical core wall | Tapers fromO0.18 m(7-1/4 in.) at bottomto

t hi ckness 0.089 m(3-%in.) at top including 0.025 m
(1-in.) cover over steel shell diaphragm

Vertical wall Prestressed conposite wall (stee

mat eri al shel | /shotcrete) with 0.127 m (5 in.) thick

rigid Styrof oaminsul ation glued to
concrete tank and finished "vee" rib outer
sheeting; brick outer shell for bottom 2. 34
m(7 ft,-8 in.)

Done shel | 0.067 m(3-in.) thick concrete with
expanded pol ystyrene insul ation

FI oor 0.127 m(5 in.) concrete with painted outer
surface

SYSTEM COWM SSI ONI NG
BACKGROUND
As discussed in the earlier paper [1], the project has been

divided in two phases. During the Phase |, the tank and the
quadrupl e octagonal diffuser systeminside the tank were



constructed in 1995. During the Phase II, nodification of piping
in the CEP #2 and connection to the tank were conpleted in early
1996. In March 1996, while preparing the tank for comm ssioning,
a maj or breakage of upper diffuser assenbly of the internal

di ffuser systemwas noticed. The tank was drai ned, the cause of
failure was investigated, and the upper diffuser assenbly was
repaired for a successful system conm ssioning on 20 May 1996.

BREAKAGE AND REPAI R OF UPPER DI FFUSER ASSEMBLY

Note that the upper distribution diffuser system (Figure 1) is
hanging fromthe ceiling with 0.0095 m (3/8-in.), stainless
steel, threaded rods fixed to the done roof. Figures 2 and 3,
respectively, show the plan of the tank and the details of the
di ffuser system About 26 breakage points in the upper diffuser
system including diffuser and riser (feeder line to diffuser),
were noticed. The potential causes of failure and repairs nade
are:

- Buoyancy on the diffuser due to air pockets: At the initial
tank filling with water, the tank was not connected to CEP
#2. \Water was introduced through the opening at the
ceiling. The two 0.61 m(24-in.) main transfer lines (to
and fromthe tank, shown in Figure 1) renai ned cl osed by
isolation valves. Water was introduced into the diffuser
assenbly through the slots into the cl osed pipe space. The
| ower diffuser assenbly is anchored to the concrete fl oor
wi th al um num nounti ng pads between the diffuser and fl oor.
The pad and anchor holds the | ower diffuser assenbly
securely agai nst any potential buoyancy forces. On the
ot her hand, the upper diffuser is secured by the 0.0095 m
(3/8-in) rods, which cannot provide resistance to
conpression i nduced by potential buoyancy due to air pockets
i nside the upper diffuser assenbly. The solution was to
install a bypass line across the two 0.61m (24-in.) main
transfer lines. A short 0.28 m(11-in.) pipe, with a shut-
off valve in the mddle, was installed between the two main
transfer lines just outside the tank. When filling the
tank, the bypass line will equalize the rising water |evel
bet ween the inside and outside of the diffuser system
thereby elimnating any potential buoyancy effects.

- Val ve actuating speed: Line-sized butterfly control val ves
are installed at the outlet of recovery turbines in CEP #2.
These val ves open so quickly that it could induce water
hammer effects along the line, including at the diffusers
inside the tank. The solution was to slow down the val ve
openi ng and cl osing speed to 60 seconds for a full opening
or closing of the valves.
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FI GURE 3. DETAILS OF DI FFUSER SYSTEM

Loose connection of main transfer line to upper diffuser:
The flange bolts connecting the 0.61 m (24-in) steel main
transfer line fromCEP #2 to the 0.61 m(24-in) PVCline to
t he upper diffuser assenbly (marked * in Figure 1) within
the tank were m ssing nuts underneath the flange. The | oose
connection woul d have generated a significant flowinduced
vi bration of the upper diffuser structure when a full charge
flowrate was introduced to the tank. The flange nuts were
installed and tightened for a secure connection of the 0.61
m (24-in) main transfer line for the upper diffuser.

Leveling of Upper Diffuser: The broken parts of the upper

di ffuser were fixed and the tank was fully charged with city
water. One mmjor concern was with |eveling the upper

di ffuser segnents. A DPWengineer entered the tank and
nmeasured the el evation of high spots along the diffuser
segnents. The maxi mum el evation differential at the highest
spot was neasured to be 0.127 m (5 in). The original design




wat er depth between the top surface of water and the highest
point in the diffuser was 0.203 m (8 in). Wth the
unevenness of up to 0.127 m (5 in), the operating water
dept h woul d be reduced down to 0.076 m (3 in) at the highest
spot. 1In case of potential rapid |oss of water in the
system e.g., a rupture in the distribution Iine, the 0.076
m (3-in) margin was deened too shallow to prevent potenti al
exposure of diffuser slots to the atnosphere. Exposure of
slots to open air will introduce air into the circul ation
system The solution was to raise the operating tank water
level by 0.178 m (7 in) by extending the overflow | evel from
12.19 m (40 ft) to 12.37 m (40 ft 7 in). The tank buil der
was consulted for the safey of the raised | evel of water.

COMM SSI ONI NG OF SYSTEM

The tank was filled with city water, and chillers in CEP #2

conpl eted charging the tank with chilled water during the weekend
of 18 May 1996. The tank was fully charged by the early norning
of 20 May 1996 (Monday). The tenperature profile inside the tank
ranged from4.4 °C (40 °F) at the bottomto 6.1 ° (43 °F) at the
top of the tank.

The ambi ent tenperature in Colunbia, SC on 20 May was up to 37.2
°C( 99 °F). By noon, all four chillers (1200 ton each) in the
Energy Plant #2 were running to provide cooling for Fort Jackson.
Starting from 1222 (20 May 1996), all the four chillers were shut
down: #1 chiller at 1222, #2 at 1252, #3 at 1307, and #4 at

1320. Note that the utility on-peak hours for Fort Jackson are
bet ween 1300 and 2100. The chilled water in the tank was neeting
the entire cooling |oad during the peak hours. The chillers were
brought back to on-line starting at 1622 for #1, #2 at 1007, #3
at 1722, and #4 at 1807. This operation hel ped Fort Jackson keep
its on-peak billing demand under 19,550 kW (Figure 4, Hourly Load
Profile of Fort Jackson, 20 May 1996). On 20 May 1996, the

el ectrical demand was peaki ng around 1100 at 23,000 kW Wt hout
t he shutdown of the four chillers, the demand shoul d have

i ncreased to over 23,000 kWin the early afternoon hours.
Therefore, the m ni num anount of peak shaving by the storage tank
is 3450 kW (the difference between 23000 kWand 19550 kW . Table
2 shows the thernmal performance of the tank for the first

conpl ete cycle of charging and discharging; Table 2 lists the
tenperature distribution inside the tank at a nunber of benchmark
hours. Note that, for the first day of operation (20 May 1996),
the tank was not discharged fully. Table 2 confirnms the
regenerating capability of the tank thru the night of 20 May. By
the norning of 21 May 1996, the tank was fully recharged and
ready to repeat the cooling cycle.
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TABLE 2

TEMPERATURE Dl STRI BUTI ONS | NSI DE THE TANK

Dat e/ Ti ne Dat e/ Ti ne Dat e/ Ti ne
20 May 1996 | 21 May 1996 | 22 May 1996
(1710 EDT) (0830 EDT) (0830 EDT)
Sensor # °Cl °F °Cl °F °c °F
20 (top) 13.8/56.9 6.7/ 44.0 7.3/45.2
19 13.5/56.3 6.7/44.0 7.2/44.9
18 13.2/55.8 6.6/43.8 7.0/ 44.6
17 12.8/55.0 6.5/43.7 7.044.6
16 11.8/53.3 5.9/42. 7 6.4/ 43.6
15 11.1/51.9 5.9/42.6 6.1/42.9
14 10.6/51.1 5.4/ 41.7 5.8/42.5
13 10. 2/ 50. 4 5.3/41.5 5.8/42.4
12 9.9/49.9 5.3/41.5 5.7/42.3
11 5.5/41.9 4.9/40.9 5.4/ 41.7
10 4.8/40.7 5.3/41.5 5.7/42.3
9 4.3/39.8 4.8/ 40. 6 5.2/41.3
8 4.2/39.6 4.7/ 40. 4 4.9/40.9
7 data m ssi ng
6 data m ssi ng
5 data m ssi ng
4 4.8/40.7 4.8/ 40. 6 5.5/41.9
3 4.9/ 40.9 4.8/40.7 5.7/42.2
2 4.9/ 40.9 4.7/ 40. 4 5.5/41.9
1 (bottom data m ssi ng

SYSTEM OPERATI ON

Since 20 May 1996, the tank operated as a part of the CEP #2
cooling systemthrough the end of 1996 cooling season. During
early May 1996, while repairing the diffuser, corrosion of



al um num parts installed inside the tank (i.e., support structure
and pads for the |lower diffuser segnents) was observed. By late
May 1996, the cooling |oad of Fort Jackson became significant
contribution to the peak electrical demand. Due to |lack of tine,
it was decided to bring the tank on |line and serve out the 1996
cool i ng season, then the alum num parts woul d be checked again
for determ nation of further actions at the end of the 1996
cooling season. Note that the corrosion of support nenbers is
not related to the thermal perfornmance of the chilled water
storage systens.

At the end of the 1996 cooling season, the tank was drained to
inspect the integrity of the conponents inside the tank. On 23
January 1997, the progress of corrosion on the support structure
due to dissimlar netal contact inside the tank was exam ned by

t he USACERL and DPW engi neers. The rate of progress was

determ ned to be sl ow enough not to warrant i mredi ate repl acenent
of the supporting parts. A decision was made at the field

i nspection that the systemwoul d be operated w thout any

repl acenent of conponents for the next 5 years. It was
recomrended that the tank be drained at the end of the 2001
cool i ng season and inspected for any renedial actions needed. To
prevent further corrosion damage, the tank water was treated for
corrosion inhibition at the begi nning of 1997 cool i ng season.

The treatnment fornula, recommended by USACERL and the U. S. Arny
Center for Public Wrks, Al exandria, VA (USACPW, were:

- The treatnment for alum num stainless steel and steel
conponents is: Poly Silicate with SiQ, to NaQ, rati o equa
to 3.22. The dosage is 200 ppmas Si O, (Liquid)

- The treatnment for copper is: Toly Triazole (TT) 50% sodi um
tolytriazole. The dosage is 50-100 ppm

SYSTEM PERFORMANCE
ELECTRI CAL COST SAVI NGS I'N 1996-97

The el ectrical cost savings by the operation of the CA5 cooling
systemfor a year (June 1996-May 1997) was estimated based on the
monthly electrical utility bills for Fort Jackson. Table 3 shows
the nonthly billing demands for Fort Jackson during the past 4
years. Note that the annual peak demand for Fort Jackson has
been reduced from 25,358 kWin 1995 to 23,424 kWin 1996 with
operation of the CA5 cooling system



TABLE 3

MONTHLY BI LLI NG DEMAND | N KW FOR THE PAST 4 YEARS
nont h 1 2 3 4 5 6 7 8 9 10 11 12
1904 | 17485 | 17485 | 17485 | 17485 | 19008 | 23155 | 22896 | 22810 | 22810 | 17485 | 18524 | 18524

1995 | 18524 | 18524 | 18524 | 18524 | 20822 | 22896 | 24408 | 25358 | 22896 | 21470 | 20286 | 20286
1996 | 20286 | 20286 | 20286 | 20286 | 21456 | 23136 | 23424 | 22752 | 21840 | 19872 | 17856 | 17856
1997 | 17856 | 17856 | 17856 | 17856 | 19584 | 23328 | 24768 | 24432 | 22560 | 19920 | 18662

Tabl e 4 shows the nonthly electrical energy consunption for Fort
Jackson during the last 4 years. For each of the 12-nonth period
(June through May), the annual total energy consunption is 114.84
GMH in 1994-5, 122.69 GMH in 1995-6, and 120.2 GMH in 1996-97.
Note that the total energy consunption depends on the |evel of
installation activities as well as fluctuating annual clinate
conditions. Quantitative determ nation of energy savings cannot
be made fromthe nonthly billing informtion.

TABLE 4

MONTHLY ENERGY CONSUMPTI ON | N GM\H FOR THE PAST 4 YEARS
nont h: 1 2 3 4 5 6 7 8 9 10 11 12

1994 (6.97]18.15]17.388.04]9.84 (11.85]12.96(13.16(11.01|7.57 |8.28 | 7.38
1995 (7.94|7.78 | 7.6 | 8.79 |10.52(11.65|14.93|13.63]12.15|10.09|8.26 | 8.5
1996 (7.75]18.29 | 8.1 |8.67 |10.67(11.79]14.1 |12.89.43 [12.23]|8.39 | 9.11
1997 [8.17]18.61 ]8.55]8.01]9.01 [12.19|14.22]13.21)13.08]| 10.7 | 8.52

Tabl e 5 sunmari zes the nonthly electrical bills for the past 4
years. A nmonthly bill has two conponents: one is for the demand
charge based on the billing demand (in kW each nonth Table 3,
and the other for the energy charge based on the nonthly energy
consunption (in kWH) shown in Table 4. A sum of the demand
charge and the energy charge is the nonthly electrical charge for
Fort Jackson.

Tabl e 6 sunmari zes i npact of the CWS cooling systemon the annual
electrical utility cost for Fort Jackson. It shows changes in
the electrical cost for each of 12-nonth (June-May) period during
the past 4 years. For the first 12-nonth operation of the C\&
cooling system the systemreduced the electrical cost for Fort
Jackson from $5.46Min 1995-96 to $5.16Min 1996-97. During the
1996- 97 period, a nunber of large buildings were added to Fort
Jackson. Even with the increased electrical energy demand and
consunption by these new buildings, the total electrical bill was
reduced by $0.3M during the first 12-nmonth operati on of the CW\s
cooling system Note that the annual electrical utility cost for
Fort Jackson has been increasing during the past years, i.e.,



$5.02M in 1994-95 and $5.46Min 1995-96. Wthout the CA5 cooling
system the trend will continue and the cost during 1996-97 woul d
have been significantly higher than the cost during 1995-96.
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TABLE 6

ANNUAL ELECTRI CAL UTI LI TY COST FOR THE PAST 4 YEARS

12-nmonth (Jun-May) |Denand cost ($) | Energy cost ($) | Total cost ($) Demand/ Tot al
1994 - 1995 2,451,070 2,5/(3,06/4 5, 024, 744 0.48/8
1995 - 1996 2, (87,289 2,668, 610 5, 455, 899 0.5109
1996 - 1997/ 2,603, 193 2, 500, 679 5, 159, 872 0. 5045

Therefore, the actual inpact of the CA cooling systemon the
cost savings will be significantly nore than $0.3M The actual
saving is estimated to be close to $0.43M based on t he denand-
shift capability of the system neasured during the field test on
20 May 1996 (see "Econom c Performance" bel ow).

THERVAL PERFORMANCE OF THE SYSTEM

The thermal efficiency of the storage tank depends on the
creation and mai ntenance of a sharp thernocline inside the tank
during operation. A snapshot of the thernocline characteristic
has been plotted with a three-channel tenperature recorder
(Figure 5). The three thernocouples were |ocated vertically 15
ft apart each inside the tank. The thernocline took 6 hrs (from
2320, 23 Septenber 1997 to 0520, 24 Septenber 1997) to travel
9.14 m (30 ft) vertically between the bottom and top sensors.
That corresponds to a charging flowrate of 0.296 m/s (4688
gpm, which yields the charging inlet Reynolds Nunber of 760,
based on the total diffuser length of 259.4 m (851 ft).

It is widely accepted that a chargi ng Reynol ds Number of |ess

t han 1000 establishes and mai ntains a good thernocline inside the
tank [ ASHRAE Cool Storage Design Guide, 1993]. Figure 5 shows
nmovenent of a sharp thernocline inside the tank during the
chargi ng process through the night of 23-24 Septenber 1997. The
cal cul ated depth of the thernocline ranges fromO0.305 m(1 ft) at
the bottomlevel, and 0.457 m (1.5 ft) at the md-level and 0.610
m(2 ft) at the top level in the tank. Based on the 2 ft

t hi ckness of thernocline, a theoretical charge efficiency of the
tank is calculated to be 95% (38/40). A sharper thernocline is
expected to yield a better storage efficiency. The neasurenents
of thernocline novenent inside the tank (Figure 5) denonstrate
the diffuser systemis working properly. It is believed that a

| arge nunber of simlar systens are operating with the

t hernocline thickness in the range of up to 1.524 m (5 ft). For
the Fort Jackson system creation and nai ntenance of thernocline
with a thickness less than 0.610 m (2 ft) shows an excel |l ent

t hermal performance of the system
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FI GURE 5. PROFI LE OF THERMOCLI NES W THI N THE TANK

ECONOM C PERFORMANCE

The nost significant benefit of the CW5 cooling systemis
reduction in annual on-peak electrical demand of Fort Jackson.
Due to the increasing |level of activities at Fort Jackson, the
annual peak demand has been grow ng 23,088kWin 1989 to 25, 358kW
in 1995. Comm ssioning of the systemat the begi nning of 1996
cool i ng season reduced the annual peak demand to 23,424 kWin
1996, thereby reducing the on-peak electrical demand by 1,934 kW
conpared to the year before. During the first 12-nmonth (June
1996- May 1887) operation of the system the annual el ectrical
utility cost for Fort Jackson has been reduced from $5.46Min
1995-6 to $5.16Min 1996-7 period. Note that during the 1997-7
period, a nunber of |arge buildings were added to Fort Jackson

i nventory, which increased consunption of electricity.

Therefore, actual savings during the first year of operation is a
sum of $0.3M (savings reflected in the nonthly bills), the

i ncreased electrical utility costs incurred by the new buil dings
brought on-line during the 1996-7 period, and yearly inflation of
el ectrical utility cost.

A nore realistic cost saving can be estimated fromthe

comm ssioning data (Figure 4). By the tinme all four chillers in
the Plant #2 were unl oaded at 1320, 20 May 1996, the el ectrical
demand regi stered by the Fort Jackson master neter had dropped



from 23,000 kWat 1100 to 19,550 kWat 1320. This shows the
system capability in demand reducti on by 3450 kW Each of the
four chillers is rated at 4219.2 kW (1200 ton) capacity. For a
total cooling tonnage of 16,876.8 kW (4800 ton), the electrical
demand of 3450 kWyields the chiller kWton ratio of 0.72 kWton,
which is quite reasonable for the centrifugal chillers. Based on
t he demand reduction of 3,450 kWand the prevailing el ectrical
rate structure of the South Carolina Electric and Gas Conpany,

t he annual cost savings is estimated to be $0.43M yr.

LESSONS LEARNED
PROIECT EXECUTI ON

An inplenentation of chilled water storage (CW5) to a centra
energy plant (CEP) requires a careful project schedule. An

i mredi ate concern is that a CEP serves a | arge nunber of cooling
custoners. Therefore its operation cannot be disrupted,
especially during the cooling season. For the Fort Jackson
project, the connection of the tank to the CEP #2 in the |ate
spring of 1995 was seriously considered as an option. There were
three options: no cooling during the connecting piping work up
to 1-1/2 week, a tenporary cooling provision, or delay of the
project until the end of the cooling season. The first option
was unacceptable to Fort Jackson. A quote for the tenporary
cooling during the outage of CEP #2 was received at a cost of
$1.07M based on a 6-week period, including set-up and tear-down.
Due to high cost of the option, the project was del ayed until the
end of 1995 cooling season. By the tinme when the Phase |l was
conpleted in March 1996, the 1l-year warrantee on the tank
construction had expired. Wen the breakage of the upper

di ffuser assenbly was found out in March 1996 (See Section 2.2),
it was not clear when the failure had occurred: during the
testing of the tank in early 1995, or during the conm ssioning
test in March 1996. A conpletion of the project by a single
source contractor woul d have avoi ded such confusi on.

DESI GN AND CONSTRUCTI ON

The diffuser systeminside the tank is the nost critical elenent
in successful performance of CA5 cooling system The octagonal

di ffuser systemused in the Fort Jackson system (Figure 3)

yi el ded excell ent performance, as Figure 5 shows. It was
designed follow ng the reconmended design criteria of inlet
Reynol ds nunber | ess than 850, as suggested in the current

i ndustry design guide by the Anmerican Society of Heating,
Refrigerating and Air Conditioning Engi neers (ASHRAE) [2].
According to the ASHRAE guide, "For tall tanks, 40 ft (12 nm) deep



or nore, there is evidence that diffusers with inlet Reynol ds
nunber of 2,000 or nore nmay provi de acceptable stratification.
For design purposes, a maxi mum of 2,000 for the Reynol ds nunber
shoul d be used. 1In general, an upper limt of 850 is
recommended, unless data are available for a specific tank to
support proper stratification at higher Reynolds nunbers.™

The strict requirenment in the inlet Reynolds nunber criteria
(less than 850) resulted in a rather conplicated diffuser system
(quadrupl e octagonal diffuser, Figure 3) for the Fort Jackson
system

For future applications, a double octagonal diffuser is
recommended for a cylindrical tank. The doubl e octagonal
configuration will reduce the total |length of the diffuser by a
factor of two, thereby raising the inlet Reynolds nunber of a
guadrupl e octagonal configuration by the sane anount. The
Reynol ds nunber criteria may be increased up to 2000 for future
tanks of height at least 12.2 m (40 ft) tall. Careful attention
shoul d be given to the nunber and size of slots for each diffuser
segnent. For the Fort Jackson system the total cross-sectional
area of slot outlet was designed to be the sane as that of the
0.610 m(24-in) main transfer pipe. Operators at Fort Jackson
expressed concerns for increased pressure drop across the tank

| oop. For future design, the total cross-sectional area of sl ot

outlet will be designed to be a m ni num of 150% of the cross-
sectional area of the main transfer line. The increased outl et
area Will reduce the pressure drop across the tank and wl|l

reduce the outlet jet speed to achieve a better thermnal
stratification. Study of an optinmal design Reynol ds nunber is
ongoing. Prelimnary results will be available to the design
comunity in late 1998 [3].

The Fort Jackson system experienced significant corrosion of

al um num conponents inside the tank. Careful attention should be
given to the specifications of material inside the tank to avoid
potential corrosion. Generally speaking, alum num and copper
conponents are not recomrended inside the tank. A bypass |ine
between the two main transfer lines to the tank should be
installed right before entrance to the tank. The segnent should
be equi pped with a manual butterfly valve to isolate the two main
transfer lines during nornmal operation. The valve will renain
open only during the filling and draining of the tank to
elimnate potential air pockets inside the diffuser system The
size of the bypass line could be half of the main transfer I|ine,
whi ch showed itself to be working well for the Fort Jackson
system To avoid potential water hanmrer damage, all the valve
actuators nust be slow acting ones. Use of an adjustable speed
drive for main circulation punps is an good approach to avoid



fluid transient problens and to provide optimal control for
cooling service. Cose inspection of construction workmanship to
mat ch the design specifications is inportant for the success of a
project. Particular attention should be given to the
construction and installation of diffuser segnents and | evel ed
installation of upper diffuser assenbly.

COMM SSI ONI NG AND OPERATI ON

The conmm ssioni ng process should begin with a final inspection of
wor kmanshi p and acceptance testing of the system The nost
critical phase is the initial filling of the tank with city
water. An accurate reading of flowreter in the main transfer
line is acritical itemto be verified. The contractor should
have devel oped a detailed procedure for filling the tank to avoid
damage to the structure inside the tank. Tank integrity should
be tested with a fully charged tank. The operation of a |evel
sensor shoul d be checked when the tank water |evel reaches near

t he design height. A proper operation of the |level sensor is
critical to avoid potential exposure of upper diffuser slots to

t he at nosphere during an energency |oss of water fromthe system
Note that the tank is a part of the entire cooling |oop, and any
| oss of water (at the building or along the distribution Iine)

will result in a lowering of the tank |Ievel unless makeup water
is supplied on time. A dial pressure gauge |ocated at the bottom
of tank is a useful guide to check the filling rate into the

t ank.

Wat er should be treated as | ocal requirenents specify. Note
again that the water in the tank is circulating along the entire
cooling loop including distribution systens and buil di ngs.
Treatment of water for required protection of coils and pipes
shoul d be equally applied to the water filled into the tank.

When the tank is conpletely filled with city water, the
tenperature sensors (installed at 2-ft interval fromtop to
botton) should provide uniformtenperature distribution
vertically. It is critical to verify accurate readi ng of
tenperature sensors and flow neters installed in the main
transfer lines for acceptance testing and for future successful
operation of tank. The flowrate inside the main transfer line
and the differential tenperature between the two nain transfer
lines determ ne the amount of cooling stored into the tank and
cooling delivered by the tank. Once again, this enphasizes the
i mportance of a flow nmeter in the main transfer |ine and
tenperature sensors across the two main transfer lines. A

proj ect inplenentation guide by ASHRAE [4] details further
recommendati ons for acceptance and conmm ssioning testing.



CONCLUDI NG REMARKS

Fort Jackson, USACE Savannah District and USACERL built a | arge
capacity (8,517 n¥, 2.25Mgal) chilled water storage cooling
systemfor the Central Plant #2 at Fort Jackson, which serves
nmore than half of Fort Jackson's cooling |load. The system
conpl eted a successful operation for 2 years, resulting in an
annual electrical utility cost savings of $0.43M for Fort
Jackson. The system perfornmed successfully, exceeding the
original design goal of shifting 3200 kW of on-peak demand to

of f- peak periods. During the comm ssioning testing on 20 My
1996, the systemreduced Fort Jackson's post-w de el ectri cal
demand by 3450 kW when the four chillers in CEP #2 were unl oaded
wi th cooling provided by the storage tank. A review of the
monthly electrical utility bills showed a significant reduction
of Fort Jackson's ever-grow ng annual electrical on-peak demand.
Val uabl e | essons were | earned during the systen s design,
construction, and operation. Two nore chilled water storage
cooling systens are currently under construction by the Savannah
District: one for the CEP #1 at Fort Gordon, GA, and the other
for CEP #1 at Fort Jackson, SC. Lessons fromthe Fort Jackson
CEP #2 project will serve a useful guide for successful
construction and operation of these systens.
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